Abstract
Introduction

39
The extended use of silver and silver-derivatives has since long time gained appeal because of consequence, the development of innovative biomolecules to capable of firmly coordinating silver 53 ions in a non-toxic form for the eukaryotic cells and so exploitable in biomedical products is a key 54 challenge.
55
A noteworthy candidate to this purpose is hyaluronan (HA). HA is a polysaccharide naturally The basic idea for the present work is to exploit a hyaluronan-lipoate derivative (known as 67 Lipohyal) (Picotti et al., 2013 ) to obtain a stable hyaluronan-silver complex. Lipohyal ( Figure S1 
217
The chemical and physical nature of silver in such biomaterial is crucial in relation to the 218 biological activity of the complex. In order to determine whether silver was present as Ag + or in 219 nanoparticle form, UV-Vis measurements were performed. Spectrum in Figure 1A shows that silver 220 in SHLS12 is not in nanoparticle form because the typical plasmon resonance band at around 410 221 nm is absent. Moreover, by adding sodium iodide (NaI) as Ag + -precipitating molecule, the gel 222 structure is destroyed and a biphasic system is recovered, with a precipitate observed at the bottom. 
11
The ratio between the polymer and the metal was determined by means of conductometry. isolated product from precipitation with acetone confirmed the 1:1 ratio.
240
A rheological investigation was performed to point out differences among the various 241 systems. While sodium hyaluronate and its derivative SHL showed a solution-like behavior,
242
SHLS12 behaved like a gel. These results are highlighted in Figure 2A ,B where the mechanical 243 spectra and flow curves are shown. A further control (sodium hyaluronate + silver) was added so as 244 to verify the role of metal with the polymer. We demonstrated that when silver was added to 245 sodium hyaluronate a solution-like behaviour was observed in both cases. In order to verify the gel 246 nature of SHLS12, a gelation kinetics was performed and the outcomes are shown in Figure 2C . We 247 observed the intersection between the storage and loss moduli about after 20 minutes of gelation.
248
Later, the storage modulus was verified to be almost one order of magnitude higher with respect to 249 the loss modulus. This condition allows considering SHLS12 as a "strong gel". Conversely, a 250 solution-behavior was demonstrated when silver was added to sodium hyaluronate. Indeed, the loss 251 modulus was found constant on time. The straightforward explanation is that silver ions may act as 
270
Moreover, it was surprisingly found that SHLS12 maintained its gel nature, as shown in Figure 3B .
271
Indeed, the storage modulus value was found to not vary over 2 hours at the substrate/enzyme ratio 272 tested. were determined by means of Student's t test. NS no statistical differences between SHLS12 and 332 SHLS12 + BSA-treated samples; *P < 0.05 between SHLS12 and SHLS12 + BSA-treated samples.
334
Another key issue that has been considered in the present work is the capability of the silver-335 complex to exert antibacterial activity towards organized-community of bacteria, so called biofilms.
336
In such condition, an extracellular polymeric substance (EPS) surrounds the bacterial cells making cases, SHLS12 was effective in breaking apart the biofilm, as revealed by MTT colorimetric assay.
342
The optical density (OD) of S. aureus treated with SHLS12 showed a reduction of about 30% after The results of the positive control group on NIH-3T3 cells showed an apparently inexplicable 398 result, namely a similar percentage of viability as the negative control after 4 h of treatment.
399
However, this is likely ascribed to the slow developing cytotoxic activity of zinc 
